Background and Aims Hard-seeded (physical) dormancy is common among plants, yet mechanisms for dormancy release are poorly understood, especially in the tropics. The following questions are asked: (a) whether dormancy release in seed banks of the tropical shrub Parkinsonia aculeata (Caesalpiniaceae) is determined by wet heat (incubation under wet, warm to hot, conditions); and (b) whether its effect is modified by microclimate.
INTRODUCTION
Hardseededness, or physical dormancy, is caused by a densely packed layer of palisade cells impregnated with water-repellent substances which inhibits imbibition (Baskin and Baskin, 1998) . It occurs across approx. 15 plant families including legumes (Morrison et al., 1998; Baskin et al., 2000) and is common among shrubs and trees in arid to tropical regions (Kigel, 1995; Baskin and Baskin, 1998) . Physical dormancy, and the conditions under which it is released under natural conditions, remains poorly understood, especially in tropical regions (Baskin and Baskin, 1998; Morrison et al., 1998; Foley, 2001 ). This compares with seeds that have physiological dormancy, especially in Mediterranean and temperate regions where mechanisms underlying seed dormancy are relatively well known, and have led to the development of useful predictive models that assist in weed management (Forcella et al., 2000; Bradford, 2005) , and helped explain plant distributions and predict the impact of climate change (Handley and Davy, 2005) .
Until recently, most studies on physical dormancy have concentrated on artificial procedures for dormancy release (Morrison et al., 1998) . Nonetheless, a wide range of factors that may potentially disrupt testa-imposed dormancy under natural conditions have been identified, with differing implications for seed bank dynamics and seedling emergence patterns. The best studied is high and/or diurnally fluctuating dry heat, through exposure either to extreme natural temperatures (McKeon and Nott, 1982; Lonsdale, 1993; Norman et al., 2002) or to dry-season fires ('heat shock': Auld and O'Connell, 1991; Teketay, 1996; Morrison et al., 1998) . In fact, dry heat from fires is considered to be the principle dormancy release mechanism for many species in Mediterranean-type ecosystems (Morrison et al., 1998) . Other possible mechanisms have been noted for a wide range of species with physical dormancy. These include temperature fluctuations at cold temperatures (Martin, 1945 , in van Assche et al., 2003 , alternate wetting and drying (Baskin and Baskin, 1984) , wet heat (van Klinken and Flack, 2005) , microbial activity (Lonsdale, 1993) and natural, physical scarification (Bower, 2004) . However, the actual importance of most of these under natural conditions has not been tested.
Tropical regions are categorized by hot, wet summers and warm, dry winters, in contrast to winter rainfall Mediterranean climes where summers are hot and dry. It was therefore hypothesized that wet heat (incubation under wet, warm to hot, conditions) is likely to have an important role in dormancy release under those conditions. A strong positive relationship between water temperature and dormancy release has been noted for a wide range of species (Baskin and Baskin, 1998) , but as far as can be determined has only been quantitatively described for the tropical shrub, Parkinsonia aculeata (Caesalpiniaceae) (van Klinken and Flack, 2005) . Parkinsonia aculeata is typical of many tropical species with hard-seeded dormancy as seeds lack embryo dormancy and secondary dormancy mechanisms, and there is no evidence that light plays a role in germination (Everitt, 1983) . Most seeds that will be released from dormancy (and subsequently imbibe) at a particular temperature when immersed in water will do so within 24 h. The proportion of seeds that are released from dormancy following 24 h of immersion is limited below approx. 25 C, increases non-linearly up to a threshold temperature of 33Á6 C, and increases linearly above that threshold. Almost all seeds are released from dormancy at 40-45 C. The most temperature-sensitive part of this relationship between wet heat and dormancy release coincides with temperatures typically encountered in tropical regions (Nix, 1981) . Wet heat could therefore provide a strong environmental signal for dormancy release.
In this report it was tested whether exposure to wet heat alone can explain dormancy loss under field conditions. This was done by comparing the actual proportion of seeds that remain dormant in a seed burial trial with predictions based on a knowledge of the soil microclimate those seeds were exposed to, and the empirical relationship between dormancy release and wet heat (van Klinken and Flack, 2005) . Microclimate is greatly influenced by both vegetation cover and soil depth, with increasing cover and depth both acting to dampen diurnal temperature oscillations (Lonsdale, 1993) . The seed burial trial was therefore conducted across the range of shading conditions and soil depths that P. aculeata will typically encounter under natural conditions in upland habitats of the wet-dry tropics in order to best test the explanatory power of wet heat as an environmental cue for dormancy release. The ecological significance of the results is discussed.
MATERIALS AND METHODS

Seeds
Parkinsonia aculeata L. seeds are relatively large (approx. 9 mm long and 4 mm wide) and contained within indehiscent pods that hold up to ten seeds. Mature P. aculeata pods were harvested from trees in the Victoria River District (Auvergne Station, Northern Territory; 15 26 0 S 130 20 0 E) in November 2002, air-dried immediately at ambient conditions, and stored under laboratory conditions (approx. 20-25 C) . Any seed-feeders were removed on emergence to prevent reinfestation. Seeds were subsequently removed manually from pods to prevent damage to the seed coat. Only intact, fully developed seeds were used in the trial. Seed burial packets (12 · 12 cm), each with 50 intact, fully developed seeds, were made from plastic shade cloth (1Á5 · 1Á5 mm holes), folded over and stapled shut.
Site and replication
A trial was conducted to determine the effect of shading, burial depth and burial duration on the proportion of seeds that remained dormant. It was set up at the Tropical Ecosystems Research Centre (12 25 0 S 130 53 0 E) near Darwin in the Northern Territory. The site was flat and soil was loamy sand, about 1 m deep, derived from a lateritized sedimentary substrate (Myers et al., 1998) . The site is located within the wet-dry tropics. It is hot all year, with mean monthly minima ranging from 20Á0 (July) to 25Á9 C (November) and maxima from 29Á8 to 33Á3 C. Mean annual rainfall is 1813 mm and is strongly seasonal, with most (89 %) falling between November and March.
Four types of shading treatments were compared: open (no ground or canopy cover), artificial cover (shade cloth only), ground cover (grass cover only) and canopy cover (forest cover only). The former three treatments were placed in a randomized block design (four replicates) on an open, grassed paddock, and within 8 m of the forest edge. Blocks were placed at 15 m intervals, and perpendicular to the forest, with plots (1Á5 · 1Á5 m) spaced at 3 m intervals. Canopy cover (forest) replicates (four) were placed within 8-22 m of their associated block, and 6-45 m from each other. The forest was Eucalyptus tetrodona F. Muell., E. miniata A. Cunn. Ex Schauer and Corymbia bleeseri (Blakely) KD Hill & LAS Johnson woodland (Wilson et al., 1990) with an understorey of leaf litter (2-5 cm deep).
Glyphosate (360 g L À1 ) was applied to bare ground and artificial cover treatments on 28 December 2002 (2 · 2 m plots) to remove ground cover. These plots remained bare for the duration of the trial. The artificial cover treatment (plastic shade cloth erected at 1 m, 70 % shade cover) was intended as an intermediate treatment between forest canopy and open treatments. The ground cover treatment was achieved by transplanting gamba grass (Andropogon gayanus Kunth.) on 6 December 2002 in 1Á5 · 1Á5 m blocks and watering it for the first week to allow establishment. Plots were subsequently kept at a height of 40 cm through regular pruning, and provided 100 % cover throughout the trial. Canopy cover plots were placed within the forest, and positioned to receive full canopy cover, but no herbaceous cover, although leaf litter was typically a few centimetres thick.
Three depths were compared for each shade treatment: 0 cm, 3 cm (which is the optimal depth for germination) and 20 cm (to represent conditions encountered by deep seed store). Seeds at 0 cm were covered with a thin film of soil to prevent direct contact with the air.
Seed packets were buried on 16 January 2003 (one per treatment-replicate-retrieval date), approximately coinciding with when most seeds in the wet-dry tropics would be expected to be incorporated into the seed bank (R. D. van Klinken, unpubl. res.), and retrieved after 2 (30 January 2003), 6 (27 February 2003) and 14 weeks (24 April 2003) . Seed packets were buried by cutting a 25 cm deep hole (one retrieval per hole), inserting packets laterally into the walls of the holes, refilling the hole with the same soil, and carefully replacing any litter layer.
The effect of treatment on microclimate
The temperature and moisture conditions to which each treatment was exposed throughout the trial were estimated using weather data collected at the site. A weather station (Monitor Sensors Ò ) was erected in the centre of the site to record rainfall (in 0Á2 mm lots), air temperature and soil temperature. Soil temperature probes (surface-mounted transistor, 60Á2 C) were placed at 3 cm in each shading replicate, and at one randomly selected replicate at 0 and 20 cm. They were buried together with seed packets by pushing the sensor horizontally into the wall of the hole. All data were collected at half-hourly time steps.
Lightening strikes and waterlogging resulted in data gaps of between a few hours and up to 9 d. Air temperature and rainfall data were therefore used from the Darwin Meteorological Station (23 49Á2 0 S 133 54 0 E) 5 km away, which were in agreement with the measurements made (correlation of 0Á966). Gaps in soil temperature data were obtained by interpolation assisted by predictions obtained by fitting generalized additive models to the probe temperatures (Hastie and Tibshirani, 1990) . The modelled temperatures were functions of date, time of day and air temperature. The residuals were calculated for all times with temperature data. For times when temperature data were missing, linear interpolations in the residuals were calculated. Missing temperature readings were interpolated by the sum of the modelled temperature and the interpolated residual. Correlations between modelled and measured temperatures were mostly >0Á93 (range: 0Á83-0Á99). Temperature data were available for 16 of the replicates for the first two retrieval periods, covering all combinations of shade regime and depth, and 11 of the replicates for the third retrieval period, covering all except the open treatment.
A soil moisture model was used to estimate when conditions at the trial were at or above field capacity. Soil moisture was estimated using a daily tipping bucket soil moisture model for the top 200 mm of soil. Field capacity was estimated to be at 75 % volume and dry soil at 55 % (McKenzie et al., 2004) . Runoff was assumed above saturation, 25 mm d À1 drainage between saturation and field capacity, and 3Á2 mm evapo-transpiration between field capacity and dry soil (Huxley et al., 2000) . The resulting equation was:
where w i is the soil water (mm) on day i, r i is the rainfall (mm) on day i, and d i is the drainage or evapo-transpiration (mm) on day i.
Determining seed dormancy and viability
The dormancy and viability of remaining, intact, seeds were determined under controlled conditions following seed retrieval. Seeds that were no longer intact at the time of retrieval had lost dormancy and subsequently either germinated or decayed in the seed burial bag (although these two possibilities could not be discriminated between based on seed remains).
Retrieved seeds were air-dried on retrieval and processed, together with two seed packets kept as controls under laboratory conditions (20-25 C). Intact seeds from each treatment replicate were placed together in water at a constant 20 C, which is below the point at which dormancy release becomes highly sensitive to temperature but not cool enough to affect germinability, for a maximum of 4 d, by which time imbibition rates approach zero (van Klinken and Flack, 2005) . Imbibed seeds were removed daily and allowed to germinate on moist filter paper in Petri dishes at 25 C, which is within the optimal temperature range for germination (van Klinken and Flack, 2005) . Seeds were considered to have germinated once the radicle had emerged. Seeds that had not imbibed within 4 d were scarified with sandpaper and allowed to imbibe in water at 20 C for a further 24 h prior to testing for germinability. Seeds were subsequently classified as 'non-dormant and viable' (imbibed within 4 d and subsequently germinated), 'dormant' (did not imbibe within 4 d) and 'dormant and viable' (did not imbibe within 4 d, but germinated following scarification and imbibition).
Analysis
All data were analysed in S plus (S plus 6Á2 for windows, November 2003, Insightful Corp., Seattle, WA, USA).
Soil temperature data (half-hourly time steps) were ordered from hottest to coolest in order to determine the temperature above which seeds were exposed to a cumulative total of 24 h (48 time steps) both in total and when soil moisture was at or above field capacity (150 mm).
The seed counts, for dormant seeds and for non-dormant viable seeds, were analysed using a generalized linear model with a logistic link and an overdispersed binomial count distribution (McCullagh and Nelder, 1989) . All main effects and interactions were fitted. The model fitted was
where p ijk = proportion of seeds released from dormancy at shade regime i, depth j and retrieval time k; S i = effect of shade regime i (1-4); D j = effect of depth j (1-3); T k = effect of seed retrieval time k (1-3); SD ij = interaction of shade regime i and depth j; ST ik = interaction of shade regime i and retrieval time k; DT jk = interaction of depth j and retrieval time k; and SDT ijk = interaction of shade regime i, depth j and retrieval time k.
Predictions for the proportion of seeds that remained dormant were made using all main effects and the two-way interactions of shade with depth and shade with retrieval time. For non-dormant viable seeds, all main effects and two-way interactions were used in making predictions. The effects of the treatment layout rows and columns were examined but were found not to be significant at the 5 % level and were excluded from the analysis.
Most seeds that are released from dormancy at temperatures above 30 C do so within the first 24 h (van Klinken and Flack, 2005) . The percentage of seeds that would remain dormant after each retrieval date was predicted by combining the empirical relationship between dormancy release and wet temperatures parameterized for seeds from the Victoria River District (van Klinken and Flack, 2005) with estimates of the temperature at which seeds were exposed to wet conditions (at or above field capacity) for a cumulative total of 24 h.
The proportion of seeds which had been released from dormancy after 24 h at a particular temperature was estimated by the equation
where
p = proportion of seeds which have broken dormancy, t = temperature ( C), d = intercept term for seeds (=À8Á47, s.e. = 0Á32; van Klinken and Flack, 2005) , b = 33Á6 C, and a = the slope of the curve above b (=0Á257, s.e = 0Á0091; van Klinken and Flack, 2005) A confidence interval for individual observations was calculated for eqn (3) using the sum of an adjusted residual mean square error and the variance of the estimate of the expected value. The residual mean square error was adjusted for sample size (estimated with n = 20, van Klinken and Flack, 2005 ; confidence interval for n = 50 in this trial) assuming a binomial distribution.
RESULTS
The effect of treatment on microclimate Air temperatures remained relatively constant through the trial, and were similar to those leading into the trial, averaging around 28 C with a daily range of approx. 6 C ( Table 1 ). The primary differences between periods were in rainfall, with high rainfall leading into the trial, and relatively high and continuous rainfall through the first two trial periods. The final period (weeks 6-14) was relatively dry, marking the transition between wet and dry seasons. Over 1000 mm of rain fell during the trial. Rainfall patterns were reflected in modelled soil moisture patterns, with the soil rarely falling under field capacity (150 mm) in the first two trial periods, and being relatively dry in the final period (Table 1) .
Soil temperature replicates were within 2 C for 99Á95 % of recordings for ground cover (two replicates), 99Á95 % for canopy cover (two replicates) and between 90Á8 and 98Á5 % for artificial cover (three replicates). Mean temperature values were used in the analyses.
The temperatures to which treatments were exposed, at or above field capacity, were higher than air temperatures in open and artificial cover treatments, and lower than air temperatures in ground cover and canopy cover treatments (Fig. 1 ). They varied with shade and depth treatments, and with how long seeds were buried (Fig. 1A) . Maximum temperatures to which seeds were exposed under wet conditions for a cumulative total of 24 h increased between retrieval period 1 and 2, but there was little increase during period 3, in part because of the drier conditions during that period (Fig. 1A) . Temperatures consistently decreased with depth, although it did interact with shade treatment. For example, differences were limited in canopy cover (1Á1 C) and ground cover treatments (1Á4 C), but were substantial in the open treatment, especially between 20 and 0 cm (8Á9 C) and 20 and 3 cm (6Á6 C) treatments. At any one depth, temperature was dependent on shade treatment, increasing from canopy cover, to ground cover, to artificial cover to open (Fig. 1A) . For example, temperatures in the open treatments were 4Á6 to 14Á1 C hotter than under canopy cover, depending on the depth.
The wet temperatures to which treatments were exposed were relatively insensitive to cumulative exposure time (1-6 d) (Fig. 1B) and soil moisture thresholds (Fig. 1C) , at least for the more buffered treatments. However, in open treatments, they varied by approx. 6 C depending on whether it was 1 or 6 d of cumulative exposure time, and whether the soil moisture threshold for 'wet heat' was 150 mm or >190 mm.
The effect of treatment on seed longevity
Germination conditions within the laboratory seed tests were optimal. According to the present definitions of dormancy and viability, most seeds that were still dormant T A B L E 1. Temperatures (mean, maximum and minimum) and rainfall for the 2 weeks prior to the trial, and for each of the three periods during the trial Overall, the proportion of seeds that were still dormant varied from 4 to 82 % after 14 weeks ( Fig. 2A) , compared with 86 % (s.e. 1Á5 %) in the controls throughout this trial. There were considerable differences between shade treatments, depths and retrieval times in the proportion of total seeds that remained dormant (Table 2 ). There was also a strong interaction between shade and depth, and a less important, but statistically significant, interaction between shade and retrieval time ( Table 2 ). The proportion of seeds that remained dormant decreased with decreasing shade cover, from canopy cover to ground cover (not statistically different at the 5 % level), artificial cover and open ( Fig. 2A ). It decreased with decreasing depth, although the effect was most evident in the less shaded sites ( Fig. 2A) . It also decreased with time, especially in the open and artificial cover treatments ( Fig. 2A ).
Relatively few of the original buried seeds were nondormant and viable at the time of retrieval (Fig. 2B ). This compares with the controls, where 11Á3 % of total seeds were non-dormant and viable. The main exception was the first retrieval time in the 0 and 3 cm open treatments where up to 19 % of seeds were non-dormant and viable (Fig. 2B) . There was a strong interaction between retrieval time and shade and depth ( Table 2) .
The buried seeds that were not either dormant ( Fig. 2A) , or non-dormant and viable (Fig. 2B) 
Do seed physiology and microclimate predict seed longevity?
The proportion of seeds that remained dormant after 4 d in water at 20 C was very similar for seeds used in this trial (89 %) and those sourced from the same site 12 months previously and used to develop the relationship between wet heat and dormancy release (eqn 3) (87 %) (van Klinken and Flack, 2005) . The proportion of seeds that would remain dormant in each treatment ( Fig. 2A) could therefore be predicted using eqn (3) and the microclimate data (Fig. 1A) . Predictions were within 15 % of the observed levels of dormancy (Fig. 3) . They were mostly overestimates, especially in the first and/or second periods, but fewer seeds were released from dormancy than expected at 0 and 3 cm depths in the open treatment. By the end of the trial estimates were within 2 and 9 %, and 1 and 15 % for open treatments after period 2 (Fig. 3) . Non-dormant viable after 2 wks Non-dormant viable after 6 wks Non-dormant viable after 14 wks
The proportion of total seeds that were still dormant (A) and that were non-dormant and viable (B) after each of the three retrieval dates (and 95 % confidence intervals). Note the different y-axis scales.
An alternative way to view the same data is to compare the actual temperatures to which seeds were exposed for a cumulative total of 24 h at or above field capacity (Fig. 1A) , with those that the model would predict (Fig. 4) . Actual temperatures were generally higher than required to achieve the observed proportion of seeds that were still dormant, especially in the first retrieval period. However, discrepancies mostly occurred at a temperature range at which dormancy release was relatively insensitive (i.e. below approx. 32 C), and therefore resulted in relatively minor differences between actual and estimated proportions of seeds still dormant (Fig. 4) . There were only a few data points (open treatment and artificial cover treatments) that coincided with the steepest part of the relationship between temperature and dormancy release, and they agreed well.
DISCUSSION
The results demonstrate that wet season dormancy release of P. aculeata seeds could be entirely explained by the effect of wet heat, and that dormancy release within the seed bank could therefore be predicted by a relatively simple mechanistic model. Furthermore, the physical (linear) relationship between temperature and dormancy release, especially above the threshold temperature (van Klinken and Flack, 2005) , and the fact that other species are also sensitive to wet heat (Baskin and Baskin, 1998) , suggests that wet heat may be of more general importance, especially when seeds are exposed to hot, wet summers. This contrasts with Mediterranean climates where dry heat has been identified as the predominant dormancy release mechanism (Morrison et al., 1998) . This does, however, need to be tested by describing the relationship between wet heat and dormancy release in other species, and by determining how wet heat actually results in the loss of dormancy in seeds. Different mechanisms for wet heat-related dormancy release can be expected across T A B L E 2. Analysis of deviance of seed burial trials for the proportion of total seeds that (i) remained dormant and (ii) were non-dormant and viable 
Open
Artificial cover Ground cover Canopy cover F I G . 3. Difference between mean actual proportion of seeds still dormant and the proportion predicted given the wet temperatures (Fig. 1A ) to which they were exposed. F I G . 4. The observed proportion of seeds still dormant after each of the three retrieval dates and the temperature at which they were wet for at least 24 h. Each point is an individual observation. The solid line is the empirical relationship between wet heat and dormancy used to calculate predictions ( Fig. 3 ; eqn 2), together with 95 % confidence intervals for individual observations. species, as is the case for dry heat (Morrison et al., 1998) . Seed dormancy provides an important mechanism for plant species to calibrate germination with environmental conditions in a way that will maximize the probability of recruitment (Baskin and Baskin, 1998; Caceres and Tessier, 2003) . This is especially true for species such as P. aculeata whose seeds, once released from dormancy, will quickly germinate or decay when wet conditions are encountered. Parkinsonia aculeata seeds showed a simple yet highly effective gap detection mechanism under the climatic conditions in which the trial was conducted, with up to a 16-fold difference in the proportion of seeds that remained dormant between adjacent open and covered microhabitats. In fact, the buffering effect of vegetation was so strong that there was virtually no change in the proportion of seeds remaining dormant following burial under a closed canopy for almost a full wet season. There was also a lesser signal for depth, with fewer seeds released from dormancy at 20 cm. Germination would almost certainly not be successful at those depths (Barker et al., 1996) , and remaining dormant might therefore allow seeds the opportunity to return to germinable depths.
Strong interactions between microclimate and dormancy release have important implications for the population dynamics of tropical plants at a range of scales. In tropical and arid regions, bare patches are common at the plant size scale, such as between grass tussocks and under trees following canopy death (Ludwig et al., 2003) . At this scale, altered microclimate is a likely explanation for the frequently observed mass germination events following the death of parent trees of P. aculeata (R. D. van Klinken, unpubl. res.) , and provides an alternative hypothesis for germination suppression such as allelopathy (Hierro and Callaway, 2003) , low light (Denslow et al., 1990) and fluctuating high temperatures (McKeon and Nott, 1982) . Significant microclimate effects are also likely to be seen at a landscape scale. For example, it would be expected that seed bank longevity, resulting from low rates of dormancy release, would be greatest in heavily vegetated habitats, and in wetlands where seeds may be essentially buffered by water for long periods. There are, however, insufficient data to speculate as to whether dormancy release through wet heat is expressly calibrated to respond to environmental signals, as is the case for some other dormancy release mechanisms (Baskin and Baskin, 1998) .
One question not addressed in this trial is what the fate of seeds that remained dormant at the end of the trial would be in subsequent years. When predicting the proportion of seeds that remained dormant, it was assumed that the parameters for the relationship between wet heat and dormancy release remained constant through the trial, and also that there was no viability decline over time. These assumptions were upheld. However, if it remained unaltered between years, then most of the remaining fraction of seeds would be expected to remain dormant indefinitely, which is unlikely. The relationship between wet heat and dormancy release can differ between P. aculeata populations, with phase shifts in the driving variable (wet heat) of at least 6Á6 C (van Klinken and Flack, 2005) . A phase shift that results in dormancy release occurring at cooler temperatures is one mechanism that could result in a between-year reduction in the proportion of seeds that remained dormant. Population-wide phase shifts could potentially result from changes in seed moisture content (Murdoch and Ellis, 1981) or weakening of seed coats, such as through repeated heating and cooling (McKeon and Nott, 1982; Lonsdale, 1993; Norman et al., 2002) or physical scarification. The importance of fluctuating dry heat has already been demonstrated experimentally for another tropical shrub with a similar seed type, Mimosa pigra (Mimosaceae) (Lonsdale, 1993) . Wet heat is also likely to interplay with episodic dormancy release events that can result from fire. The direct effects of fire on dormancy release (through heat shock) and seed mortality have already been documented for a wide range of species with similar seeds (Auld and O'Connell, 1991; Tieu et al., 2001 ). However, fire will also result in the creation of open ground. The resulting microclimatic changes would therefore be expected to result in mass dormancy release of remaining dormant seed, especially if fires coincided with hot and wet conditions.
The population-level consequences of the interplay between dormancy release and wet heat are yet to be properly explored. Results presented herein essentially span the sensitive range of the relationship between wet heat and dormancy release, with buffered treatments being at the lower end, and open, shallow treatments being at the higher end. This meant that dormancy release predictions were relatively insensitive to a number of assumptions, including that the effect of cumulative wet heat was the same as equivalent exposure to constant temperatures, soil moisture dynamics was independent of treatment, and soil moisture at or above field capacity has the same effect on dormancy release as inundation. Population models that have recently been developed for shrubs with seeds that are similar to P. aculeata (Kriticos, 2003; Buckley et al., 2004) could therefore be easily modified to accommodate the effects of wet heat simply by differentiating 'open' from 'buffered' microhabitats. However, landscape heterogeneity would ideally need to be considered at a relatively fine temporal (seasonal) and spatial (plant size) scale.
